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INTRODUCTION 

Entomologists,  agronomists,  plant  physiologists,  plant  breeders,  and 
geneticists  frequently  need  to  determine  the  area  of  crop  plants  with  which 
they  are  working.     The  entomologist  concerned  with  biological  control  must 
determine  the  area  of  the  crop  plant  to  effectively  introduce  the  proper 
niimber  of  parasites  or  predators  that  will  search  the  total  plant  areas.  The 
research  worker  concerned  with  the  performance  of  the  plant  may  wish  to  deter- 
mine the  area  of  the  leaf  surface  so  that  he  may  effectively  estimate  the 
photosynthetic  capability  of  the  plant.     From  plant  area  data,  research  workers 
may  more  effectively  develop  a  plant  of  high  efficiency,  and  entomologists  may 
determine  the  efficiency  of  parasites  or  predators. 

Earlier  studies  of  the  measurement  of  the  surface  area  of  cotton  leaves 
include  those  of  Ashley  et  al.  ,  2_/  who  utilized  length  and  width  measurements 
to  estimate  the  leaf  surface  area,  and  those  of  Wendt,  _3/  who  employed  a  cor- 
relation between  the  leaf  area  and  leaf  length  to  estimate  the  surface  area  of 
cotton  and  other  crops.     Johnson  4_/  reviewed  several  methods  of  estimating  leaf 
surfaces  of  cotton,  which  involved  correlating  various  measurements  of  the  leaf 
itself,  for  example,  length  of  the  main  vein,  length  of  the  leaf,  and  various 
combinations,  with  the  area  of  the  leaf.     Grimes  and  Carter  5_/  developed  a 
linear  regression  for  the  direct  area  estimates  of  cotton,  using  the  relation- 
ship : 

2 

log  leaf  area  (cm  )  =  a  +  b  log  leaf  length  (cm) . 


1/  Entomologist,  Superior  Farms,  Bakersfield,  Calif.;  research  entomolo- 
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Barker  6^/  used  length  and  width  measurements  of  conifer  needles  and  also  used 
light  interception  by  a  photometer  to  estimate  the  area  of  conifer  foliage. 

The  following  study  was  conducted  to  relate  the  total  plant  area  of 
Deltapine  Smoothleaf ,  Hopicala,  and  Pima  S-2  cottons  to  the  height  of  the  plant. 
The  height  is  a  readily  measured  parameter  in  the  field,  and  therefore,  is  a 
convenient  variable  from  which  to  estimate  the  total  plant  area. 

METHODS  AND  MATERIALS 

One  field  of  Deltapine  and  Hopicala  cottons  and  two  fields  of  Pima  S-2 
cotton  were  sampled.     The  Deltapine  Smoothleaf  field  was  located  along  the  east 
bank  of  the  Santa  Cruz  River,  approximately  8  miles  northwest  of  Tucson.  The 
Hopicala  field  and  one  Pima  S-2  field  were  about  1  mile  apart  in  the  Avra  Valley, 
25  miles  west  of  Tucson.     The  other  Pima  S-2  field  was  located  approximately  15 
miles  northwest  of  Tucson  near  Marana  on  Highway  I-IO. 

The  Deltapine  Smoothleaf  cotton  was  grown  in  an  experimental  field  in  a 
sandy  soil.     Weeds  were  common  in  the  field  with  Johnson  grass  (Sorghum 
halepense,  L.  Pers.)  and  pigweed  (Amaranthus  spp.)  as  major  pests.     The  field 
was  not  fertilized.     The  Hopicala  was  grown  under  a  well-managed  commercial 
program  in  a  Gila  loam  and  Gila  loam-clay  soil.     The  Hopicala  field  had  80 
units  of  nitrogen  fertilizer  applied. 

The  Pima  S-2  cotton  planted  in  the  solid  pattern  was  planted  in  a  field 
that  had  not  been  cropped  previously.     Therefore,  no  fertilizer  was  applied. 
The  field  was  thinned  with  a  mechanical  rocker,  with  6  to  8  inches  between 
plants.     The  field  planter  in  the  plant  2,  skip  1  pattern,  was  precision  planted 
and  required  no  thinning.     The  skip-row  cotton  had  27.5  units  of  nitrogen  ap- 
plied in  each  of  the  first  two  irrigations  after  planting.     Weed  control  was 
good  in  both  fields. 

From  May  25  to  September  4,  1968,  932  cotton  plants  were  collected  from 
four  different  fields  and  dissected  in  the  laboratory  to  permit  measurement  of 
the  various  plant  parts.     The  various  measurements  of  the  petioles,  fruit,  stem, 
and  branches  were  made  immediately,  but  the  leaf  blades  and  fruit  bracts  were 
pressed  and  held  for  later  measurement.     At  least  25  plants  from  each  field 
were  cut  at  ground  level  at  approximately  10-day  intervals.     The  25  plants  were 
selected  from  a  randomly  selected  row  in  each  field  on  each  date.     A  random 
point  was  selected  in  the  row,  and  the  plants  were  removed  at  predetermined 
distances  along  the  row,  dependent  upon  the  length  of  the  row.     Because  of  the 
large  size  of  the  fields,  the  sample  rows  were  restricted  to  those  that  had 
been  planted  on  the  same  day, 

A  photometer  was  used  to  measure  the  leaves  and  bracts.     The  light  source 
for  the  photometer  was  a  bank  of  C-7  lamps  covered  with  two  plates  of  diffusion 
glass.     A  light-tight  box  with  an  open  bottom  and  containing  two  photoelectric 
cells  was  placed  over  the  light  source.     One  cell  was  directed  at  a  15-cm 
circle  where  each  leaf  or  bract  to  be  measured  was  placed.     To  assure  that  the 
cells  were  properly  oriented,  a  frame  was  used  to  hold  the  box.     The  glass  not 
covered  with  the  box  was  colored  black  on  the  upper  surfaces  to  reduce  reflec- 
tive light.     The  other  cell  was  aimed  at  the  light  source  and  compensated  for 
the  changes  in  light  intensity.     The  measuring  potentiometer  was  adjusted  to 
give  zero  output  at  a  digital  voltmeter.     Periodical  adjustment  of  the  zero 

6^/  Barker,  H.     Methods  of  measuring  leaf  surface  area  of  some  conifers. 
Canad.  Dept.  of  Forestry,  Pub.  1219,  6  pp.  1968. 
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was  necessary  because  of  temperatue  changes  of  the  cells.     The  change  of  the 
photoelectric  cell  output  due  to  the  light  interception  of  the  leaf  or  bract 
was  read  directly  on  a  digital  voltmeter.     These  readings  were  recorded  and 
used  in  a  regression  equation  in  the  final  computations  to  convert  the  light 
readings  to  square  centimeters  of  area.     Readings  from  measured  pieces  of  paper 
toweling,  with  the  same  light  transmission  as  the  pressed  cotton  leaves,  were 
used  to  calibrate  the  photometer  and  develop  the  regression  equation  for  the 
conversion  to  square  centimeters. 

Calculations  for  the  area  of  the  fruit,  branches,  petioles,  and  stems  were 
based  on  preliminary  experimentation  and  measurements.     Stems  and  branches  most 
resembled  truncated  cones,  and  leaf  and  fruit  petioles  resembled  right  cylinders, 
Squares  and  bolls  were  estimated  volumetrically ,  and  various  area  formulas  were 
tested  to  determine  the  best  estimate.     The  volumetric  studies  indicated  that 
squares  and  bolls  were  best  estimated  when  the  base  of  the  boll  or  square  was 
considered  to  have  a  hemisperical  configuration  and  the  tip  a  configuration  of 
a  rotating  ellipsoid.    Measurements  of  the  proper  diameters  and  lengths  were 
made  with  calipers  and  rulers,  and  the  calculations  were  based  on  standard 
geometrical  formulas  for  the  configurations  involved.     To  determine  the  area  of 
the  blooms,  mean  petal  areas  were  determined  by  measuring  30  mature  blossoms 
from  each  field  with  a  polar  planimeter.     The  resulting  mean  measurements  were 
then  used  to  estimate  the  area  of  the  blooms  on  the  plants. 

RESULTS  AND  DISCUSSION 

The  mean  heights,  total,  and  leaf  areas  on  the  several  sample  dates  for 
Deltapine  Smoothleaf  cotton  are  presented  in  table  1,  with  the  percentage  of 
the  total  area  in  each  15-cm    vertical  increment.     The  regression  equation  for 
mean  total  area  on  mean  height  was : 

log  y  =  0.2537  +  1.8768  log  x  (r^  =  0.995) 

and  for  mean  leaf  area  on  mean  height  was : 

A  2 
log  y  =  0.2280  +  1.8397  (r    =  0.994) 

where : 

X  =  mean  height  on  specific  date 
A 

y  =  estimate  of  mean  area 

The  regression  equation  for  the  total  area  on  height  of  the  individual 

plants,  without  regard  to  the  sample  dates,  was: 

A  2 
log  y  =  0.374  +  1.719  log  x  (r    =  0.927) 

where : 

X  =  individual  plant  height 
A 

y  =  estimate  of  leaf  area  of  individual  plant. 

The  mean  height  and  mean  leaf  and  total  plant  areas  for  Hopicala  cotton 
are  presented  in  table  2.     The  regression  equation  for  total  area  on  height  of 
the  individual  Hopicala  plants,  without  regard  to  sample  dates,  was: 

log  y  =  1.125  +  1.392  log  X  (r^  =  0.686) 

and  for  the  leaf  area  on  height  of  the  individual  plants,  without  regard  to 

the  sample  date,  was: 

A  2 
log  y  =  1.088  +  1.351  log  x  (r    =  0.674) 
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Table  1. — Mean  heights,  mean  leaf,  and  mean  total  plant  area  of  Deltapine 
Smoothleaf  cotton  plants  with  percentage  of  total 
plant  area  by  15-cm  vertical  plant  increments 


Percentage  of  total  plant  area  by  15-cm 
vertical  increments: 


Date 

Height 

Leaf 
area 

Plant 
area 

Top 

2d 

3d 

4th 

5  th 

6th 

7  th 

8  th 

Cm 

Cm 

Cm 

-Percent  

May 

25 

4+1 

21+5 

23+5 

100 

31 

5+2 

30+9 

34+10 

100 

June 

10 

7+2 

72+38 

78+40 

100 

17 

7+2 

61+23 

66+25 

100 

24 

12+3 

164+48 

179+37 

98 

2 

Til  1  -IT 

J  uj.y 

X 

c;  0  Q4.9  7  9 
D/.yTL  1  Z 

oo 

1 1 

J-JL 

1 

X 

8 

22+7 

650+239 

694+256 

78 

20 

2 

17 

35+11 

1175+671 

1277+723 

47 

36 

16 

1 

25 

49+15 

2890+1648 

3236+1796 

26 

22 

26 

20 

6 

Aug. 

10 

79+12 

5405+2252 

6360+2650 

9 

11 

16 

25 

22 

15 

2 

Sept 

.  3 

98+15 

6290+2324 

7951+2873 

8 

10 

14 

16 

17 

14 

17 

4 

where: 


X  =  individual  plant  height 
A 


y  =  estimate  of  areas  of  individual  plant  or  leaf. 

The  mean  heights  and  mean  leaf  and  mean  total  plant  areas  for  the  Pima  S-2 
cottons  are  presented  in  tables  3  and  4.     The  regression  equation  for  the  mean 
total  area  on  mean  height  in  a  field  of  Pima  S-2  cotton,  with  all  the  rows 
planted,  was: 

A  2 
log  y  =  0.8325  +  1.6991  log  x  (r    =  0.962) 

and  for  Pima  S-2  cotton  planted  in  a  plant  2,  skip  1  row  pattern  was: 

y  =  -30.45  +  13.48  x.  .      (r^  =  0.993) 

The  regression  equation  for  the  mean  leaf  area  of  the  solidly  planted  Pima  S-2 
cotton  was: 

log  y  =  0.9820  +  1.5673  log  x  (r^  =  0.949) 

and  for  the  Pima  S-2  cotton  planted  in  a  plant  2,  skip  1  pattern  was: 


y  =  -21.50  +  11.18  X 


(r    =  0.993) 
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Table  2. — Mean  heights  and  mean  leaf  and  mean  total  plant  area  of  Hopicala 
cotton  plants  with  percentage  of  total  plant  area  by 
15-cm  vertical  plant  increments 


Date  Height 


Leaf 
area 


Plant 
area 


Percentage  of  total  plant  area  by  15-cm 
vertical  increments;  

Top  2d  3d  4th  5th  6th  7th  8th  9th  10th  11th 


Cm 

June  10  26+6 

17  35+12 
24  44+9 

July    1  58+12 
8  57+20 

18  97+11 
Aug.     5  93+14 

22  141+14 


Cm 
629+193 
1477+660 
1818+860 


Cm 


-Percent- 


694+213    74  25  1 
1667+761    37  42  21  <L 
2090+994    34  40  24  2 


3431+1308    4035+1586  16  25  32  25 

3081+1756    4592+2225  21  16  25  25 

6755+2485    8579+3067    7    9  14  16 
10400+3069  13048+3686  11  12  13  15    17    18    11      3  - 
13337+5958  15878+6971    5    7  10  13    13    12    13    10  10 


2 
13 
17 


22    14  <L 


Table  3. — Mean  heights  and  mean  leaf  and  mean  total  plant  area  of  Pima  S-2 
(solidly  planted)  cotton  plants  with  percentage  of 
total  plant  area  by  15-cm  vertical  plant  increments 


Percentage  of  total  plant  area  by  15-cm 
vertical  increments: 


Top    2d    3d    4th  5th  6th  7th  8th  9th  10th 


Cm 

Cm 

Cm^ 

May 

31 

15+3 

450+187 

471+195 

97 

3 

June 

10 

20+5 

1083+599 

1143+640 

69 

28 

3 

17 

24+7 

1614+910 

1721+968 

50 

45 

5 

24 

35+10 

3813+1534 

4178+1743 

27 

38 

33 

2 

July 

1 

48+12 

4842+2171 

5435+2461 

16 

21 

35 

25 

3 

8 

48+17 

4056+2139 

4948+2824 

26 

26 

25 

18 

<L 

5 

18 

86+9 

10464+3823 

13773+4759 

5 

9 

14 

16 

20 

32  4 

Aug. 

5 

94+14 

12277+6709 

15733+8458 

8 

10 

12 

15 

16 

12  18 

17 

113+19 

11160+4516 

14752+5713 

9 

12 

14 

15 

14 

13  9 

Leaf  Plant 
Date       Height         area  area 
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Table  4. — Mean  heights  and  mean  leaf  and  mean  total  plant  area  of  Pima  S-2 
(plant  2,  skip  1  row  pattern)  cotton  plants  with  percentage 
of  total  plant  area  by  15-cm  vertical  plant  increments 


Percentage  of  total  plant  area  by  15-cm 
vertical  increments: 


Date 

Height 

Leaf 
area 

Plant 
area 

rop 

2d 

3d 

4  th 

5  th 

6th 

7  th 

8  th 

9  th 

10th  11th 

Cm 

^  2 
Cm 

Cm^ 

-Percent- 

May 

31 

14+19 

301+154 

376+158 

97 

3 

June 

10 

19+19 

848+223 

887+233 

86 

14 

17 

28+33 

1636+565 

1759+657 

51 

44 

5 

24 

32+33 

2229+758 

2369+810 

44 

42 

14 

July 

1 

46+66 

2964+1662 

3212+1718 

32 

32 

23 

8 

5 

17 

64+75 

4383+1481 

5142+1788 

17 

18 

25 

20 

16 

4 

25 

84+59 

7304+2325 

9500+2791 

13 

13 

19 

20 

17 

18 

<1 

Aug. 

10 

112+21 

10368+2892 

13042+3702 

12 

14 

17 

16 

15 

12 

6 

5 

3 

27 

136+14 

11837+3080 

15711+3976 

6 

10 

14 

18 

16 

13 

12 

6 

<1 

1  <1 

where: 

X  =  mean  height 


y  =  mean  plant  or  leaf  areas. 

The  regression  equation  for  the  total  area  on  height  of  the  individual 
plants,  without  regard  to  the  sample  date,  was: 

log  y  =  0.967  +  1.599  log  x  (r^  =  0.828) 

for  the  solidly  planted  Pima  S-2  cotton  and 

log  y  =  1.063  +  1.470  log  x  (r^  =  0.877) 

for  the  Pima  S-2  cotton  planted  in  the  plant  2,  skip  1  pattern. 

The  regression  equations  for  the  leaf  area  on  height  of  the  individual 
plants,  without  regard  to  the  sample  date,  were: 

log  y  =  1.039  +  1.496  log  x  (r^  =  0.808) 

for  the  Pima  S-2  cotton  with  all  rows  planted  and 

log  y  =  1.122  +  1.381  log  x  (r^  =  0.867) 

for  the  Pima  S-2  cotton  planted  in  the  plant  2,  skip  1  pattern, 
where: 

X  =  individual  plant  height 

y  =  estimate  of  area  of  individual  plant  or  leaf. 
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The  broad  variance  associated  with  the  plant  and  leaf  surface  areas  is 
apparent  in  the  data  for  all  varieties.     The  variance  occurred  in  both  the 
total  areas  and  in  the  areas  within  increments.     The  variance  of  the  latter 
is  particularly  broad  in  the  lower  increments  of  the  plant  beacuse  all  plants 
were  not  of  sufficient  height  to  have  the  maximum  numbers  of  increments  present. 

The  marked  similarity  of  the  Deltapine  Smoothleaf  and  Hopicala  cotton 
varieties,  and  of  the  Pima  S-2  cotton  from  two  fields  in  regard  to  the  relation- 
ship of  the  plant  leaf  surface  to  height,  indicates  that  the  relationship  is 
established  genetically,  and,  for  most  purposes,  the  effect  of  agronomic 
factors  upon  the  area-height  relationship  need  not  be  considered  in  well- 
managed  commercial  plantings. 

Several  of  the  regression  equations  appearing  above  are  presented  with  a 
square  root  transformation,  but  their  companion  equations,  utilizing  the 
logarithmic  transformation,  yielded  almost  equally  accurate  estimates  and  bear 
a  marked  similarity  to  other  equations  employing  the  logarithmic  transformation. 
However,  the  square  root  transformations  are  presented  because  of  their  improved 
coefficient  of  determination  and  standard  error  of  the  estimate.     Overall,  the 
data  indicate  that  the  height  and  mean  height  of  cotton  plants  may  be  employed 
satisfactorily  as  estimators  of  the  plant  and  leaf  surface  of  cotton  plants. 

CONCLUSIONS 

The  regression  equations  associated  with  the  mean  heights  and  areas  will 
probably  provide  the  best  estimates  when  total  field  plant  or  leaf  area  are 
to  be  considered.     However,  the  regression  of  the  individual  areas  on  individ- 
ual heights  will  provide  the  best  estimate  of  the  individual  plants.  The 
large  variance  associated  with  the  mean  areas  will  make  the  research  worker 
aware  of  the  broad  variance  within  a  growing  crop.     Even  with  consistent 
agronomic  practices,  the  variation  between  plants  in  a  field  on  any  specific 
date  is  great.     However,  the  regression  equations  will  provide  adequate 
estimates  for  the  entomologist  seeking  to  determine  the  surface  area  to  be 
searched  by  predators  or  parasites. 
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